The as-synthesized nanomaterials have been complete characterized by X-ray powder spectroscopy, frontier infrared spectroscopy, raman spectroscopy, scanning electron spectroscopy, energy dispersive spectroscopy, and mapping analysis as well as electrochemical measurements. The structural and morphological characterizations show the sheet-like the structure of bismuth-doped tungsten oxide. The as-synthesized Bi2WO6 nanosheets were utilized for the electrochemical determination of Sudan I, The results confirm that the bismuth-doped material has an enhanced electrocatalytic activities compared to the undoped tungsten oxides. Furthermore, the reaction kinetics of the electrochemical oxidation of Sudan I using the Bi2WO6 modified electrode surface was a diffusion-controlled process, and which involves two-proton and two-electron transfer mechanisms. The analytical measurements were employed by DPV techniques under optimal conditions, and thus shows a wide linearity range of 0.02 to 114.6 µM with high sensitivity and low detection limit of 3.0563 µA µM −1 and 0.002 µM (S/N = 3), respectively. Besides, the Bi2WO6 modified electrodes demonstrate superior electrochemical performances towards the detection of Sudan I than the previously reported articles. Finally, the asfabricated sensor has been applied to the real-time application for sensitive determination of Sudan I in food samples, such as apple juice and chili powder with acceptable recoveries.
INTRODUCTION
Sudan I (1-phenylazo-2-naphtol) is synthetic azo dye and commonly used as a coloring material in industrial products, including textiles, shoes, plastics, oils, floor polishes, printing inks, and cosmetics [1] . Specifically, Sudan I, are also found as a food additive materials including chili powder, sauces, chutneys and readymade meals due to its bright and rich red color, low cost, and colorfastness. The carcinogenic properties of Sudan I have been found in the 1970s and were no longer permitted by any national and international food regulation act. Although the European Union has banned the use of Sudan I compounds as food dyes [2, 3] . Nevertheless, Sudan I is still utilized as an additive in foodstuffs to improve the visual attractiveness [4] . Thus, it is essential to fabricate a reliable, rapid, high-selective, and sensitive electrochemical sensor for the detection of Sudan I. For the electrochemical determination of Sudan I, a various methods have been reported previously, such as gas chromatography, mass spectroscopy detection [5] , HPLC [6] , HPLC/APCI-MS [7] , SERS [8] , capillary liquid chromatography [9] , and electrochemical detection [10] . However, these methods usually complex and needs pretreatment process, and expansive equipment, thus make high time consumption and cost. The electrochemical methods have attracted wide attention because of their fastness, convenience, high sensitivity, and selectivity.
Among them, bismuth-containing semiconductors exhibit a great potential application in degradation of organic pollutants, water purification, Li-ion battery, and sensors, due to their nontoxicity, good stability, extraordinary band structure, electrical conductivity, and lower valance band levels. The several bismuth modified semiconducting materials utilized for the above-mentioned applications are as follows BiVO4 [11] , Bi2MoO6 [12] , Bi2O2CO3 [13] , Bi4Ti3O12 [14] , Bi2WO6 [15] . Bismuth tungstate (Bi2WO6) is one of the simplest materials from the Aurivillius oxide families of layered perovskites. It has a variety of fascinating physical and chemical properties and broad potential utilities for the catalysts, microwave optical fibers, ferroelectric pyro electrical devices, piezoelectrical, and sensor devices [16] [17] [18] [19] [20] . Owing to its tremendous semiconducting properties, it has been widely used in the field of photocatalysis, solar cells, capacitors, and electrochemical sensing applications [21] [22] [23] .
In this work, we report, the preparation of bismuth tungstate (Bi2WO6) nanosheets using a simple co-precipitation method and applied to the sensitive detection of Sudan I for the first time. It is found that the Bi2WO6 modified glassy carbon electrode (GCE) exhibits good electrochemical activity towards the sensing of Sudan I. Also, the as-fabricated Bi2WO6/GCE sensor displayed a superior sensitivity, wide linear range, very lower detection limit, and a good recovery in real samples analysis.
EXPERIMENTAL

Chemical and materials
Sudan I, Na2WO4.2H2O, Bi (NO3)3.5H2O were purchased from Sigma Aldrich. All other reagents were of analytical grades and purchased from Sigma Aldrich. The Na2HPO4 and NaHPO4 were used for the preparation of buffer solution (PBS). All experiments were conducted using Millipore water (MW) (18.25 M W/cm, Milli-Q).
Preparation of Bi2WO6 nanosheets
The Bi2WO6 nanosheets were synthesized by the co-precipitation method. In a typical synthesis procedure, the stoichiometric ratio of Bi(NO3)3·5H2O and Na2WO4·2H2O precursors were added into 100 mL Millipore water and followed by magnetic stirring for 30 min. Then the addition of 10 mL of 0.5 M NaOH solution was added to the above mixture. The obtained precipitate was washed by water/ethanol several times and allowed to dry at 80 °C for 12 h. Further, the product was calcined for 2 h at 350 °C . The obtained Bi2WO6 nanosheets were denoted as BWO NSs.
Characterization
The structure and morphology were characterized by field-emission scanning electron microscope (FE-SEM, JEOL-JSM 7610F). The powder X-ray diffraction (PXRD) studies were performed on an (XRD, X'pert3 range Malvern Panalytical, United Kingdom) with Cu Kα radiation (k = 1.54 Å). Fourier transform infrared (FT-IR) spectra of the synthesized material was characterized by using a JASCO FT-IR 4600LE spectrometer between 4000 cm -1 and 400cm -1 applying KBr pellets. Through scanning electron microscope (SEM) using the Quanta 250FEG instrument, the elemental composition and morphology of all samples are examined. All electrochemical measurements were using the standard three-electrode system were carried out on a CHI 660 and CHI 1205B electrochemical instruments (CH instruments) with GCE as the working electrode, a platinum wire (Pt wire) as the counter electrode, and an Ag/AgCl (saturated KCl) as the reference electrode. The electrochemical performances of the modified GCE for the determination of SI were assessed by electrochemical impedance spectroscopy (EIS), cyclic voltammetry (CV) and difference pulse voltammetry (DPV) techniques.
Fabrication of Bi2WO6-modified electrodes
Firstly, the GCE was polished by polishing cloth using alumina slurry (0.05 µm) and washed with MW and ethanol until a mirror-like surface was produced. The Bi2WO6-modified electrodes were prepared by first dispersing 5 mg mL −1 of the as-prepared Bi2WO6 material in water, then sonication for 45 min. subsequently, 6.0 µL suspension was drop cast on the surface of pre-cleaned GCE and drying in an oven at 50 °C . The fabricated electrode was stored at 4 º C, when not in use.
Sample preparation
Apple juice and chili powder samples were treated as the following method. 10.0 ml of apple juice and 10.0 g of chili powder was weighed and mixed with 30 mL ethanol. The mixture was ultrasonication for 30 min and the solution was filtered. The treatment was repeated three times, and filtered samples were diluted to volume with ethanol [24] .
RESULTS AND DISCUSSION
Characterization of Bi2WO6 sample
The XRD patterns of the as-synthesized Bi2WO6 sample was shown in Fig. 1a . The different characteristic peak at 2θ = 19.2, 21.5, 23.0, 28.2, 32.2, 32.6, 39.1, 42.6, 47.1, 55.5, 58.9, 63.6, and 66.7°, which could be indexed to the (012), (004), (111), (113), (200), (020), (024), (214), (220), (119), (11 10) , (129), and (228) plane of the orthorhombic phase of Bi2WO6, respectively (JCPDS No. 73-1126) [25] . In Fig. 1b . showed the Raman spectra of Bi2WO6 exhibits a characteristic peak at 720 cm −1 that exhibits a splitted pattern due to the W-O distortion. A band at 637 cm −1 due to the [Bi2O2] 2+ stretching mode. The bands in the 100-450 cm −1 region can be attributed to the bending vibration of WO6 octahedron, bending, and stretching vibration of BiO6 polyhedron [26] . FT-IR spectra of Bi2WO6 is shown in Fig. 1c . The broad asorption bands at 400-800 cm −1 , which are assigned to Bi-O, stretching W-O, and bridging stretching modes W-O-W [27] . The broad adsorption band at 3440 cm −1 was assigned to -OH band. The results indicated that the formation of Bi2WO6 materials. The morphology of Bi2WO6 after calcination process shows the increase in crystalline nature with irregular square nanosheets like structure having the length of 100 nm and was shown in Fig. 2c, d . The EDX spectra ( Fig.3a ) reveals the chemical composition of samples, which composed of only Bi, W, and O and without any impurity peaks. Fig. 3b -e displays the EDX mapping results; the elements Bi, W, and O are uniformly distributed all over the structure. These results confirm the excellent composition of the Bi2WO6 sample.
Electrochemical behavior of Bi2WO6
CV and EIS are very useful techniques for examining the changes in the electrochemical interfacial properties of the different modified electrodes. Fig. 4a shows the Nyquist plot of the bare GCE, WO6, and Bi2WO6 modified electrodes were fabricated in 0.1 M KCl containing 5 mM [Fe(CN)6] 3−/4− . For bare GCE, the Rct value is 827 Ω at WO6/GCE the value of Rct was changed to 727 Ω, suggesting that the bare GCE was coated efficiently by WO6. A distinct decrease in the Rct was also seen when Bi-modified WO6 (480 Ω). There is no doubt that Bismuth could improve the conductivity of the tungsten oxide nanoparticles. This result also suggests that Bi2WO6/GCE was successfully constructed. Fig. 4b shows the CV curves of bare, and before and after calcination of Bi2WO6-modified GCE respectively using 0.1 M KCl containing 5 mM of [Fe(CN)6] 3-/4at scanning rate 50 mV s -1 . Bi2WO6/GCE shows higher redox peak current (Ipa ) separation 62.06 µA compared with bare GCE, and before calcination of Bi2WO6 modified electrodes was about 52.7 µA, and 57.0 µA respectively. A smaller Rct value and highest Ipa current response were found for the calcined Bi2WO6-modified GCE which depicts the faster electron transfer. Fig. 4c displays the CV response of Bi2WO6-modified GCE at different scan rates ranges from 20 to 200 mV s 1 . Increasing the scan rate when gradually increased redox peaks current. Fig. 4d shows calibration plot between the and redox peak current a square root of scan rate, the result confirms that the modified electrode surface exhibits diffusion-controlled process in general redox reaction of [Fe(CN)6] 3-/4-/0.1 M KCl system. The attained slope value is Ipa (µA) = 6.9929x + 12.234: R 2 = 0.9995, Ipc (µA) = -6.128x -17.532: R 2 = 0.9977. Furthermore, the Randles-Sevcik equation (1) was used to calculate the surface area of the modified electrodes [28] . = 2.69 × 10 5 × 1/2 3/2 1/2 (1) where, A, n, ip, D, C, and ν are represented the electrochemical active area (cm 2 ), the number of electrons transferred (1e  ), anodic peak current, diffusion coefficient, scanning rates (s), and concentration (mol cm -3 ). The electroactive surface area has been calculated from the obtained slope value. The electroactive area for Bi2WO6-modified GCE was calculated to be 0.36 cm 2 , which is higher than the geometric area of bare GCE before calcination Bi2WO6-modified GCE evaluated as 0.0729 cm 2 , and 0.12 cm 2 , respectively. The result reveals that calcined sample have an improved electrocatalytic active surface area for the electrochemical sensing and has been utilized for the further electrochemical studies, 
Electrochemical performance of Sudan I at Bi2WO6/GCE
To study the electrochemical performance of (i, iv) bare GCE, (ii, v) before calcination Bi2WO6/GCE, and (iii, vi) after calcination Bi2WO6/GCE, CVs were performed absence and presence of Sudan I in PBS (0.05 M, pH 3) at 50 mV s −1 (Fig. 4e ). At bare GCE (i), before calcination Bi2WO6/GCE (ii), and after calcination Bi2WO6/GCE (iii) does not show any obvious electrochemical signal. Then the addition of 40 µM of Sudan I in 0.05 M PBS (pH 3) at bare GCE (iv), before and after calcination Bi2WO6/GCE (v, vi). The CV response of GCE was modified with before calcination Bi2WO6/GCE showed well defined oxidation peak current at (Ipc = 1.01 µA) and potential at (Epc = 0.81 V), Which is demonstrated two proton and two electron transferred oxidation reaction, which is assigned to the oxidation of the -OH group and no reduction peak derived revised scan, indicating irreversible oxidation of Sudan I. The bare GCE shows a very weak anodic peak current (Ipc = 0.75 µA,), and high potential detected for the oxidation of Sudan I at an Epa at 0.82 V. When GCE was modified with before calcination Bi2WO6/GCE, the oxidation peak current and potential (Ipc = 1.01 µA, Epc = 0.81 V) shifted on the way to the negative side and anodic peak current also increased compared to the bare GCE. A shifting in peak potential (Ipc = 1.3 µA, Epc = 0.78 V) and large oxidation peak current and low potential can be detected after calcination of Bi2WO6/GCE, owing to its excellent electrochemical activity in the detection of Sudan I
The effect of the loading amount of Bi2WO6/GCE (4.0, 6.0, 8.0, and 10.0 µL/1mg mL -1 ) towards Sudan I sensing was performed by CV in the presence of 40 µM containing PBS (0.05 M, pH 3.0) (Fig.  4f ). In Fig. 4f , the highest oxidation current of Sudan I achieved for 6.0 µL (5mg mL -1 ) compared with other 4.0 µL, 8.0 µL and 10.0 µL Bi2WO6 samples. Therefore, 6.0 µL of Bi2WO6 modified GCE selected for further electrochemical studies.
Effect of pH
The electrochemical performance of 40 µM Sudan I at Bi2WO6/GCE was further investigated by CV at different pH ranges from 3.0 to 11.0. It can be seen in Fig. 5a that the increases pH value, with the oxidation peak potential, negatively shifted, demonstrating the participating the protons in the electrochemical process. As shown in Fig. 5b , the linear plot between anodic peak potential versus different pH values. The following linear regression equation to be Epa (µA) = 0.033 (±0.0011) pH + 0.8887 (± 0.0087) (R 2 = 0.9981). the obtained slop values from the calibration plot were applied in the Nernst equation to calculated the m/n ratio (eq. 2), [29] = − ( 0.0592 ) + (2) which m and n are representing the number of protons and electrons. Using equation (2), the calculated m/n ratio is 0.55. The result demonstrated that an equal number of protons and electrons are involved in the reaction. The plausible electrochemical oxidation mechanism was shown in Fig. 5c . (b) the linear plot of pH versus and peak potential (Epa) and oxidation current and (c) the electrochemical oxidation mechanism. Fig. 6a displays the CV response of the various concentrations of Sudan I at Bi2WO6 modified GCE in 0.05 M PBS (pH 3) at 50 mV s −1 . The increasing concentration of Sudan I from 20 to 120 µM with gradually increased oxidation peaks current response. Fig. 6b displays the linear plot between Ipc between the various concentrations of Sudan I, has a good linear relationship (R 2 =0.9934). The obtained results indicate that the good electrochemical activity and fast electron transfer of Bi2WO6/GCE. Fig. 6c showed the CVs of the Bi2WO6/GCE electrode in 0.05 M PBS solution in the presence of 20 µM at different scan rates from 20 to 120 mV s −1 . The oxidation peak current increased with the increase in scan rate, and the oxidation peak potential shifted to more positively. The oxidation peak currents were linear with the different scan rates in the ranges from 20−120 mV s −1 (Fig. 6d ), suggesting an electrode surface exhibits the adsorption controlled process. The linear regression equation is Ip (µA) = 0.0042 (mV s −1 ) + 0.5143 (R 2 = 0.9921). Based on Laviron's equation [30] , the electron transfer rate constant (ks) of the electrochemical sensor was calculated to be 2.78 s -1 . The value of ks is higher than those of other modified electrodes. For irreversible electrode reaction, the number of an electron (n), can be obtained from the equation, Ep and Ep/2 are represented by peak potential and formal potential at with (I=Ip/2 in CV), α is the electron transfer coefficient, respectively. In this work Ep = 0.79, and Ep/2 = 0.75 V. therefore, αn was calculated to be 1.19. Generally, α is assumed to be 0.5 (irreversible electrode process). So two electrons are involved in the electrochemical reaction. Fig. 7a shows the DPV analysis of Sudan I at the Bi2WO6 modified electrodes. The anodic peak current increased with increase in concentration of Sudan I within the range from 0.02 to 114.6 µM. As shown in Fig. 7b , the plot between anodic peak current propositional to its Sudan I concentration, which is two linear range were obtained in the ranges of 0.02−9.00, and 40−114.6 µM. the first regression equation is Ip = 0.1114 [µM] + 0.309 (R 2 = 0.9911) and Ip = 0.0272 [µM] + 0.7692 (R 2 = 0.9795). Fig.  7b inset shows anodic peak current at lower concentration level. The detection limit at Bi2WO6/GCE was estimated to be 0.005 µM (S/N=3) and sensitivity is 3.0563 µA µM −1 , which is comparable to those of some other reported electrodes shown in Table 1 . The fabricated Bi2WO6/GCE sensor has been used as a promising electrode material for the highly efficient electrochemical detection for Sudan I. a poly (p-aminobenzene sulphonic acid), b graphene oxide, c screen printed electrode, d βcyclodextrin, e platinum nanoparticles, f gold, g molecular imprinted, h poly (ionic liquid), i electrochemical reduced graphene, j indium tin oxide, k polyvinylpyrrolidone, l cetyl trimethylammonium bromide, n 3D N-doped porous carbon
Effect of different concentration
Effect of Scan rate
Determination of Sudan I
Interference, reusability, and reproducibility
Anti-interference ability is an important factor for the electrochemical sensor. Fig. 7c displayed the simultaneous DPV responses towards rifampicin (RF), sunset yellow (SY), and Sudan I electroactive molecules. Moreover, the DPV response shows a specified potential for Sudan I than that of other interferents. The other interference of some organic compound coexisting the DPV response of Sudan I was acquired is and highly selective determination and anions and cations studied. The organic compounds such as the 50-fold concentration of ascorbic acid, glucose, citric acid, glutamic acid, and the 50-fold concentration of anions and cations such as Na + , Ca 2+ , Zn 2+ , Cl − , CO3 2− , and SO4 2− (figure not shown).
The stability of the developed sensor was studied to the stability test for 50 cycles in pH 3.0 (0.05 M PBS) 20 µM Sudan I. The CV studies at Bi2WO6/GCE exhibited the highly stable response for 50 cycles with the current retention of 84% from the initial value (Fig. 8a) . The long-term stability of the fabricated sensor was examined by determining the anodic current of 20 µM Sudan I. The developed sensor maintains about 94.5% of its initial anodic peak current response after 12 days, which suggests that the Bi2WO6-modified electrode has the high storage stability.
The reproducibility of the developed sensor was also studied and was shown in (Fig. 8b) . The reproducibility of the fabricated sensor was examined by the anodic peak current response of 20 µM Sudan I in pH 3.0 (0.05 M PBS) using five different modified electrodes, they were developed by under optimum condition. The obtained current response changes, the relative standard deviation (RSD %) of five different modified electrodes is about 2.86%, which demonstrates that the fabricated sensor has good reproducibility. To evaluate the practicability of Bi2WO6-modified electrodes based detection of Sudan I, realtime analysis was carried out in apple juice and chili powder samples. Both samples were collected from the local market, Taiwan. The real samples spiked in foodstuffs such as apple juice and chili powder samples by the spiked method was conducted for the recovery of Sudan I in real samples. DPV was used to estimate the determination of Sudan I from the real samples at pH 3 (0.05 PBS) as shown in Fig. 9 . The anodic peak current response of the samples was measured and Table 2 displayed the observed recovery results. The satisfactory recovery results are attained in apple juice (97.2 to 99.1%), and chili powder samples (96.8 to 98.4%), respectively. The acceptable recoveries of all the real samples confirm the developed sensor has high accuracy and reliability for the determination of Sudan I in real samples. 
Real sample analysis
CONCLUSION
In conclusion, Bi2WO6 was synthesized by the co-precipitation method and used for the electrochemical determination of Sudan I dye. Bi2WO6 nanosheets were obtained after calcination and characterized by XRD, FE-SEM-with EDX, and EDX-elements mapping analysis. We developed an electrochemical sensor for the determination of Sudan I using Bi2WO6/GCE. The electrochemical properties of the Bi2WO6 modified electrodes were investigated thoroughly. Hence, this work demonstrated a very low detection limit of 0.005 µM (S/N=3) with good sensitivity is 3.0563 µA µM −1 . Besides, the fabricated sensor achieved good stability, excellent reproducibility also selectivity for the detection of Sudan I. The as-prepared Bi2WO6/GCE sensor successfully applied to sensing Sudan I in different real samples with acceptable recoveries. In addition, Bi2WO6/GCE sensor showing better electrochemical behavior and can be apply to the future modern sensing devices.
